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Abstract. Today many corporate run their business process by applying Enterprise Resource 
Planning (ERP). A corporate which has a well-defined business process will run its business 
process effectively and efficiently. In practice, the executed business process is not always 
complied with Standard Operational Procedure (SOP). The deviations of the business process 
can be identified by analyzing event logs from the business process activities using process 
mining method. The various kinds of deviation are skip activity, wrong throughput time, wrong 
actor, wrong duty, and wrong decision. But not all deviations are frauds. Hence, Analytical 
Hierarchy Process and verification rules are employed to analyze the deviations to determine 
the fraud status. The proposed method successfully detected frauds conducted in the business 
processes of the bank credit application and procurement process. The proposed method 
achieved up to 95% accuracy. 
1. Introduction 
Fraud is viewed as a threatening issue in the world. There have been 2690 fraud cases that have made 
a loss of US$7 billion from 125 countries in 23 industry categories [1]. On average, organization has 
lost a gross profit of 7% in a year. In fraud cases, 20% of people in company never do any fraud, 60% 
highly relies on the opportunity to do a fraud and 20% of the rest really does [2]. This is a fact which 
forced company to have policies in term to detect fraud. Fraud has a definition of a misuse of the 
system organization without breaking the law [3]. According to [4] fraud is a criminal act in using 
false information to gain an unfair advantage.  
  This research focuses on process-based fraud that is a fraud which occurs in business processes [5]. 
Deviation is defined as the occurrence of fraud criterions. Process mining is designed to identify, 
monitor, and improve the actual process of event logs data resulted by system. It uses event logs data 
to extract information and knowledge. Process mining has three main excellences which are discovery, 
conformance, and enhancement [6]. Discovery refers to an actual model shaping on how a business 
process occurs by using event logs data. Conformance refers to comparing event logs with SOP. It is 
also referred to one of capabilities of process mining to detect any deviated process in accordance with 
the event logs data. Analytical Hierarchy Process and verification rules are employed to analyse the 
deviations for determine the fraud status. 
2. Basic Concepts 
2.1. Event Logs 
 Event logs contain a record of an event executed when a business process is being run. Event Logs 
also frequently called as history, audit trail, or transaction log [6]. Event logs are used as a data to gain 
information from a business process that has been run. Event logs contain information about the actor 
who execute the event, length of event execution time, and another data which is needed to execute 
event. For example, in a case study of bank credit application in which a make decision activity has 
been done by a manager in certain time and the manager who making decision must considers the 
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credit submission requirements. Such requirements are in the form of attribute data as recorded in 
event logs. Event logs must comprise case id, events, start time, complete time, and actor who execute. 
Case id shows the ID of one instant process from the beginning to the end. Events refers to what 
activity is executed in a one process. Furthermore, start time is to show the beginning of an activity 
execution. Complete time refers to the end time of an executed events and actor refers to the actors 
who execute events. Table 1 shows the example of event logs. 
2.2. ProM 
 ProM is a tool to run the process mining method. ProM was developed by lecturers and professors 
from the University of Mon Netherland [6]. ProM has more than 200 plugins and has the advantage of 
a very extensive approach to the analysis, such as the Discovery Process, Social Network, 
Conformance Checking. Other Prom excellence which can convert a variety of models such as Petri 
Net, EPC, BPMN, BPEL, YAWL. Prom is also able to read the event logs in XES or MXML format. 
2.3. Process-based Fraud 
 Process-based Fraud (PBF) is a fraud which occurs in business processes [5]. Therefore, internal 
controls can be performed as a counter measure against fraud [7]. One of internal control is defining a 
Standard Operational Procedure (SOP). Fraud occurs due to a mismatch between the SOP against real 
events recorded in the event logs. Based on the research that has been done [8], there are six kind of 
deviations which we will use them as attributes to determine the fraud status which are skipped event 
[4], wrong throughput time, wrong actor, wrong duty, wrong pattern, wrong duty, wrong pattern, 
wrong decision. 
2.4. Process Mining for Fraud Detection 
 Process mining is used to recognize the sequence of processes that exist in the event logs. According 
to [6] the goal of process mining is to extract knowledge from event logs recorded by the system. 
Process mining has three main objectives, namely process discovery, conformance check, and 
enhancement. Process, case, activity, and event logs is a common term in the process mining. A 
process consists of several case, activity, and events. A case is a collection of activity sequentially 
from beginning to end by the time of execution. An event is a representation of the activity that aims 
to differentiate based on execution time and case. Process mining can be used for fraud detection by 
performing four types of analysis, namely control flow analysis, resource analysis, throughput time 
analysis, and decision point analysis [4].  
2.5. Analytical Hierarchy Process 
 Analytical Hierarchy Process (AHP) is a structured technique for organizing and analysing complex 
decisions based on mathematical calculations [12]. The primary method of AHP is to compare the 
importance weights of criteria that influence for decision-making. Value will be stored in the table 
comparison matrix with n x n criteria dimensions. Every criterion, it is possible to have sub-criteria 
and will also do a comparison between the other weight of the sub-criteria in one level. The results of 
the comparison of each element are between 1 to 9, which shows a comparison of the importance rate 
criteria. If criteria in the matrix compared with itself the result of the comparison value is 1. Criteria 
assessment in comparing one with the other criteria are independent of each other, and this can lead to 
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inconsistencies. Saaty [12] has shown that the Consistency Index (CI) of n x n criteria matrix can be 
obtained by the formula: 
 CI = (λmaks-n) / (n-1)   (1) 
  λmaks means the Largest eigen value of n x n matrix. Largest eigen value is obtained by adding 
up the results of multiplying the value of each columns with the eigen vector (final weight criterions at 
a certain level). Inconsistencies limit in measurement is calculated by using Consistency Ratio (CR), 
i.e ratio of Consistency Index (CI) with  Random Index (RI). This value depends on the order of matrix 
n. When the value of CR is smaller than 10%, criteria assessment is still acceptable. Consistency ratio 
can be formulated: 
 CR = CI / RI    (2) 
 The reason of using AHP is fraud detection needs subjective assessment from the expert for 
predicting the severity of each fraud criterions.  
3. Proposed Method 
 In this research we proposed deviation analysis in event logs. The kind of deviations analysis are 
skip activity analysis, wrong throughput time analysis, wrong resource analysis, wrong duty analysis, 
wrong pattern analysis, and wrong decision analysis. Process Mining method is employed to analyze 
the deviation and calculate the occurrences of that deviation. We call each deviation as a fraud 
attribute to determine the fraud status of a process.  The method is presented in the grey box of Figure 
1, which shows the steps to identify the deviations from event logs and analyze the deviations using 
AHP to determine the fraud status. This method was implemented as a ProM Plugin in order to make 
easier for the users to use. 
3.1. Skipped Event Analysis 
 This part is to analyse event logs to find out the presence of skipped event which unfit with SOP. 
This analysis was conducted using ProM Plugin which name is conformance checking in order to 
present the number of skipped events. The input of this analysis are SOP and Event logs.  
3.2. Wrong Pattern Analysis 
 nalyse patterns in event logs by comparing the sequence of events in event logs with SOP. If there 
was a case in which the activity inside runs with the sequence not in line with event logs, it would be 
detected as a wrong pattern. The inputs of this analysis are SOP and event logs.  
3.3. Wrong Actor Analysis 
 This part is to analyze on each actor who execute each activity recorded in event logs. If there was an 
event which is executed by an actor who was not authorized execute it based on SOP model, it would 
be detected as Wrong Actor.  
3.4. Wrong Duty Analysis 
 In this part, an analysis would be done to find out whether there was an actor execute two events in a 
process simultaneously. This could be suspected as a fraud in a business process. 
3.5. Wrong Throughput Time Analysis 
 An analysis on time execution from all event logs was done in this part by comparing the time 
standard existing in the SOP. If time execution was not in line with SOP model in term of it was too 
fast or slow, it would be suspected as a fraud. 
3.6. Wrong Decision Analysis 
 An analysis in this part concerned with the decision events or branching events. The decision events 
had an attribute that was influential on the event that must be executed next. To do Wrong Decision 
Analysis, event logs were firstly transformed into Ontology-based event logs to facilitate ontology 
 














query using SPARQL [11]. Figure 2 illustrates the decision event which is “check plafond” that had a 
plafond attribute that would have an effect on the activity that will be executed next. The essence of 
wrong decision analysis using query SPARQL was to identify the event that had plafond amount of 
500.000.000 but the event that was done next was not director authorization. 
3.7. Fraud Weighting using AHP 
Analytical Hierarchy Process (AHP) is a technique to support the decision-making process aimed to 
determine the best choice from several alternatives taken. The excellence of AHP is its capability to 
provide an alternative weight in a decision-making. In this case, AHP can be used to give a weight in 
the case suspected as a fraud based on fraud criterions. The fraud weighting of each fraud criterions 
was performed by experts after the process mining analysis was done. The final weight of each 
criterions has been obtained in Table 2. For sub-criteria, the final weight would be multiplied with its 
weight of main criteria. For example, skip sequence as a sub-criteria of skip had a weight of 0.33 x 
0.27 = 0.09. In weighting a case suspected as a fraud, the number of deviation in each criterion would 
be multiplied with the final weight and divided with the maximum number of deviation that might 
occur in each criterion.  
 
3.8. Training and Determining Verification Rules 
 There are X
10
 deviation combinations in a business process. The integer X indicates the number of 
events in business process and 10 indicates the number of deviations. The training dataset is developed 
based on the fraud weights which represent all combinations of frauds. In this phase, the system 
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Table 2. Final weight of each fraud criterions 
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determine the threshold or the weight limit used to differentiate whether a case is fraud or normal. The 
threshold limit must have the most maximal accuracy value. The accuracy value would be measured 
using Receiver Operating Characteristic (ROC) method. However, the weight of the threshold was 
often not able to differentiate whether a case was a fraud or not. Thus, a rule is necessary to cope with 
it. By determining the threshold limit, it was possible to identify if a case truly was as a fraud detected 
by system (True Positive), a case as truly normal not detected by the system (True Negative), a case 
truly as a fraud but not detected by system (False Negative) which can occur when there is a fraud but 
has a low weight of fraud deviation, or a case truly normal but detected as a fraud by system (False 
Positive) which can occur when there is a normal case but has a high weight of fraud deviation. 
  Verification is an effort to accommodate the rules aimed to minimize the False-Negative and False-
Positive values. The resulted rules were used in doing a dataset test consisting of fraud and normal 
case. By so doing, if there was a case with the weight of fraud under the threshold limit but in fact, it 
was a fraud, the system would determine that the case was a fraud in accordance with the verification 
rules that has been resulted in training. It was also similar with the case that was truly normal but had a 
fraud weight above the threshold. To illustrate, from a fraud case with one infraction of wrong 
decision from the maximum eight infractions, the case would have a weight of 0.26 x 1 / 8 = 0.035. 
Meanwhile, the threshold limit with the best accuracy was 0.014. Based on the threshold limit, the 
case is considered as fraud by system. That deviation here can be considered as Wdecision Low as the 
number of deviations in divided by the maximal number of deviation is 1 / 8 <= 0.3. Thus, a 
verification rules was used in which any deviation of Wdecision Low, it would not be considered as a 




4.1. Case Study of Credit Bank Application 
For the case study of credit application, 130 cases of training data comprising 100 fraud cases and 30 
normal cases were used. From the result of the training, threshold was generated from 0.001 up to 1 
and resulting the maximal threshold of 0.033. The threshold limit was then used as the base of the 
threshold limit for the next data testing. But if we depend only on threshold limits there are 6 false 
negative cases. Furthermore the verification rules are utilized to analyse fraud in the case of this false 
negative cases. Table 3 shows verification rules of this Credit Bank Application and Procurement case 
study. After the training was complete, the threshold limit and verification rules were used to perform 
a test. There were 100 cases of testing data comprise 70 fraud cases and 30 normal cases. Table 4 
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4.2. Case Study of Procurement 
For the case study of procurement, 100 cases of training data comprising 70 fraud cases and 30 normal 
cases were used. From the result of the training, threshold was generated from 0.001 up to 1 and 
resulting the maximal threshold of 0.014. The threshold limit was then used as the base of the 
threshold limit for the next data testing. But if we depend only on threshold limits there are 14 false 
positive cases. Furthermore, the verification rules are utilized to analyse fraud in the case of this false 
positive cases. There were 100 cases of testing data comprise 40 fraud cases and 60 normal cases were 
used. Table 5 shows the result of testing. 
5. Conclusion 
The fraud detections in the business processes of bank credit application and procurement have been 
studied. It can be concluded that the deviations in business processes can be identified using the 
process mining method. Then, the AHP method was successfully utilized to determine the fraud status. 
The AHP achieved the accuracy of 90%. Furthermore, the AHP method could be improved by adding 
verification rules to detect fraud cases with low weight of deviations and to detect normal cases with 
high weight of deviations. The computational studies show that the AHP with the verification rules 
increase the accuracy to 93.5%. Thus, it can be concluded that the AHP with the additional rules 
achieved high accuracy in detecting frauds in business processes. 
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conference. All papers represent four following parallel clusters: Green 
Design and Innovation, Green Manufacturing and Green Processes, Power 
System and Green Energy Management, and The Role of IT in Innovation 
Enhancement. Each cluster supports the main theme of the conference, 
which is Enhancing Engineering Innovation Towards A Greener Future. The 
engineering innovation is the key to increase our awareness in maintaining 
the sustainable growth and development in the world.   
  
The Organising Committee of InCITE 2019 would like to express our sincere 
gratitude for the tremendous supports and contributions from many parties. 
The supports from The Faculty of Engineering of UBAYA, keynote and plenary 
speakers, our International Scientific Committee, the Steering and Organising 
Committees are really acknowledged.  
  
The last but not the least, thank you for your supports, enjoy the conference 
and we hope through this meeting all of you can extend your networks and 
collaborations.   
  
  









 SCIENTIFIC COMMITTEE 
• Prof. Willy Susilo, Ph.D. (University of Wollongong, AUSTRALIA) 
• Prof. Dr. Anton Satria Prabuwono (King Abdulaziz University, SAUDI ARABIA) 
• Assoc. Prof. Oki Muraza, Ph.D. (King Fahd University of Petroleum & Minerals, KINGDOM OF 
SAUDI ARABIA) 
• Prof. Ravindra S. Goonetilleke, Ph.D. (Hong Kong University of Science & Technology, PRC) 
• Assoc. Prof. Tan Kay Chuan, Ph.D. (National University of Singapore, SINGAPORE) 
• Asst. Prof. Aldy Gunawan, Ph.D. (Singapore Management University, SINGAPORE) 
• Asst. Prof. Hendry Raharjo, Ph.D. (Chalmers University of Technology, SWEDEN) 
• Assoc. Prof. Dr. A. F. M. Saifuddin Saif (American International University, BANGLADESH) 
• Asst. Prof.  Itthisek Nilkhamhang, Ph.D. (Sirindhorn International Institute of Technology, 
THAILAND) 
• Assoc. Prof. Akawut Siriruk, Ph.D. (Suranaree University of Technology, THAILAND) 
• Assoc. Prof. Avirut Chinkulkijniwat, Ph.D. (Suranaree University of Technology, THAILAND) 
• Assoc. Prof. Peerapong Uthansakul, Ph.D. (Suranaree University of Technology, THAILAND) 
• Assoc. Prof. Dr. Andi Cakravastia Arisaputra Raja (Institut Teknologi Bandung, INDONESIA) 
• Assoc. Prof. Dr. Anas Maruf (Institut Teknologi Bandung, INDONESIA) 
• Assoc. Prof. Yassierli, Ph.D. (Institut Teknologi Bandung, INDONESIA) 
• Prof. Dr. Ali Altway (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Dr-Ing. I Made Londen Batan (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Assoc. Prof. Setiyo Gunawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Renanto Handogo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Mauridhi Hery Purnomo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Nur Iriawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. I Nyoman Pujawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Asst. Prof. Budi Hartono, Ph.D. (Universitas Gadjah Mada, INDONESIA) 
• Prof. Sarjiya, Ph.D. (Universitas Gadjah Mada, INDONESIA) 
• Asst. Prof. Nemuel Daniel Pah, Ph.D. (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Markus Hartono, Ph.D (Universitas Surabaya, INDONESIA) 
• Prof. Joniarto Parung, Ph.D. (Universitas Surabaya, INDONESIA) 
• Prof. Lieke Riadi, Ph.D. (Universitas Surabaya, INDONESIA) 
iii 
Conference Organizers 
 STEERING COMMITTEE 
Chair: 
Asst. Prof. Djuwari, Ph.D. 
 
Honorary Members:  
Prof. David Lewis, Ph.D. 
Prof. Joniarto Parung, Ph.D. 
Prof. Lieke Riadi, Ph.D. 
Asst. Prof. Dr. Steve Kardinal Jusuf 
Asst. Prof. Dr. Itthisek Nilkhamhang 
 
Members: 
Assoc. Prof. Amelia Santoso, Ph.D.  
Mr. Agung Prayitno 
Assoc. Prof. Emma Savitri, Ph.D.  
Assoc. Prof. Markus Hartono, Ph.D., CHFP. 
Assoc. Prof. Budi Hartanto, Ph.D. 
Mr. Sunardi Tjandra 
Assoc. Prof. Eric Wibisono, Ph.D. 
Asst. Prof. Nemuel Daniel Pah, Ph.D. 
Assoc. Prof. Elieser Tarigan, Ph.D. 
Assoc. Prof. Jaya Suteja, Ph.D. 
Prof. Joniarto Parung, Ph.D. 
Assoc. Prof. Hudiyo Firmanto, Ph.D. 
Assoc. Prof. Restu Kartiko Widi, Ph.D. 
  
ORGANIZING COMMITTEE 
Chair :Asst. Prof. Putu Doddy Sutrisna, Ph.D. 
Vice Chair :Dr. Delta Ardy Prima 
Secretary :Ms. Aprilia Karina 
Treasurers :Ms. Dhiani Tresna Absari 
Secretariat :Maria Agatha E.Gunawan, Ph.D. 
  Asst. Prof. Lanny Sapei, Ph.D. 
  Mr. Rahman Dwi Wahyudi 
  Ms. Yenny Sari 
  Ms. Yuana Elly Agustin 
  Ms. Susana Limanto 
  Ms. Monica Widiasri 
iv 
Conference Organizers 
 Program :Mr. Yunus Fransiscus 
  Ms. Melissa Angga 
  Mr. I Made Ronyastra 
  Mr. Henry Hermawan 
  Mr. Felix Handani 
  Ms. Indri Hapsari 
  Mr. Mochammad Arbi Hidayat 
Website :Mr. Daniel Soesanto 
  Mr. Marcellinus Ferdinand Suciadi 
Design :Ms. Tyrza Adelia 
Sponsorship :Assoc. Prof. Susila Candra, Ph.D. 
Logistic:  Mr. Arief Rachman Hakim 
  Mr. Muhamad Yulham Effendy 
v 
REVIEWER 
• Prof. David Lewis, Ph.D. (University of Adelaide, AUSTRALIA) 
• Prof. Willy Susilo, Ph.D. (University of Wollongong, AUSTRALIA) 
• Dr. Jingwei Hou (University of Queensland, AUSTRALIA) 
• Asst. Prof. Hendry Raharjo, Ph.D. (Chalmers University of Technology, SWEDEN) 
• Prof. Dr. Anton Satria Prabuwono (King Abdulaziz University, SAUDI ARABIA) 
• Assoc. Prof. Oki Muraza, Ph.D. (King Fahd University of Petroleum & Minerals, KINGDOM 
OF SAUDI ARABIA) 
• Prof. Dr. Winarto Kurniawan (Tokyo Institute of Technology, JAPAN) 
• Dr. Wahyudiono (Nagoya University, JAPAN) 
• Prof. Ravindra S. Goonetilleke, Ph.D. (Hong Kong University of Science & Technology, PRC) 
• Asst. Prof. Dr. Steve Kardinal Jusuf (Singapore Institute of Technology, SINGAPORE) 
• Assoc. Prof. Tan Kay Chuan, Ph.D. (National University of Singapore, SINGAPORE) 
• Asst. Prof. Aldy Gunawan, Ph.D. (Singapore Management University, SINGAPORE) 
• Assoc. Prof. Dr. A. F. M. Saifuddin Saif (American International University, BANGLADESH) 
• Asst. Prof.  Itthisek Nilkhamhang, Ph.D. (Sirindhorn International Institute of Technology, 
THAILAND) 
• Assoc. Prof. Akawut Siriruk, Ph.D. (Suranaree University of Technology, THAILAND) 
• Assoc. Prof. Avirut Chinkulkijniwat, Ph.D. (Suranaree University of Technology, THAILAND) 
• Assoc. Prof. Peerapong Uthansakul, Ph.D. (Suranaree University of Technology, THAILAND) 
• Asst. Prof.  Dr. Phuong Lan Tran Nguyen (Can Tho University, VIETNAM) 
• Assoc. Prof. Dr. Anas Maruf (Institut Teknologi Bandung, INDONESIA) 
• Dr. Khoiruddin (Institut Teknologi Bandung, INDONESIA) 







• Assoc. Prof. Dr. Andi Cakravastia Arisaputra Raja (Institut Teknologi Bandung, INDONESIA) 
• Assoc. Prof. Yassierli, Ph.D. (Institut Teknologi Bandung, INDONESIA) 
• Assoc. Prof. Dr. Judy Retti B. Witono (Universitas Parahyangan, INDONESIA)  
• Asst. Prof. Budi Hartono, Ph.D. (Universitas Gadjah Mada, INDONESIA) 
• Prof. Sarjiya, Ph.D. (Universitas Gadjah Mada, INDONESIA) 
• Asst. Prof. Dr. Hendri Himawan Triharminto (Akademi Angkatan Udara Yogyakarta, INDONESIA) 
• Assoc. Prof. Dr. Djoko Budiyanto Setyohadi (Universitas Atmajaya Yogyakarta, INDONESIA) 
• Prof. Dr. Ali Altway (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Renanto Handogo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Mauridhi Hery Purnomo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Nur Iriawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Asst. Prof. Astria Nur Irfansyah, Ph.D.( Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. Dr-Ing. I Made Londen Batan (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Assoc. Prof. Setiyo Gunawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Prof. I Nyoman Pujawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA) 
• Asst. Prof. Rr. Poppy Puspitasari, S, Ph.D (Universitas Negeri Malang, INDONESIA) 
• Asst. Prof. Ratna Surya Alwi, S.T., M.Si., Ph.D (Universitas Fajar Makassar, INDONESIA) 
• Prof. Joniarto Parung, Ph.D. (Universitas Surabaya, INDONESIA) 
• Prof. Lieke Riadi, Ph.D. (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Nemuel Daniel Pah, Ph.D. (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Markus Hartono, Ph.D  (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Dr. Hazrul Iswadi (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Gunawan, Ph.D (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Dr. Evy Herowati (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Dr. Amelia Santoso (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Eric Wibisono, Ph.D. (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Dr. Joko Siswantoro (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Dr. Budi Hartanto (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Dr. Delta Ardy Prima (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Jimmy (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Lisana (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Dr. Emma Savitri (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Restu Kartiko Widi, Ph.D. (Universitas Surabaya, INDONESIA) 





• Assoc. Prof. Akbarningrum Fatmawati (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Putu Doddy Sutrisna, Ph.D. (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Djuwari, Ph.D. (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Elieser Tarigan, Ph.D. (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. The Jaya Suteja, Ph.D (Universitas Surabaya, INDONESIA) 
• Assoc. Prof. Dr. Susila Candra (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Sunardi Tjandra (Universitas Surabaya, INDONESIA) 
• Asst. Prof. Yuwono Budi Pratiknyo (Universitas Surabaya, INDONESIA) 
 
 
CONFERENCE ORGANIZING COMMITTEE: 
FACULTY OF ENGINEERING, UNIVERSITAS SURABAYA 
DEAN BUILDING TB 2, RAYA KALIRUNGKUT 
SURABAYA, 60293, INDONESIA 
PHONE: +62-31-2981150, FAX: +62-31-2981151 
E-MAIL: incite@unit.ubaya.ac.id 
WEBSITE: https://incite.ubaya.ac.id; http://teknik.ubaya.ac.id 
viii 
 
Table of Content 
Preface i 
Conference Organizers iii 
Table of content viii 
 
Green Design and Innovation 
A Systematic Literature Review for Developing Sustainability Assessment Tool: 
Formulating the State of the Art and Future Direction 
Y Sari, A Hidayatno, A Suzianti, M Hartono A-1 
 
Perceived Kansei and Performance-Based Usability Impact on Satisfaction for Web-
Based Applications 
M Hartono A-8 
 
Passive Design Implementation as Sustainable Development Approach on Vertical 
Housing Case Study: Sentra Timur Residence 
T Riotama and H Herdiansyah  A-14 
 
Development and Usability Evaluation of Virtual Guide Using Augmented Reality for 
Candi Gunung Gangsir in East Java 
I M Ronyastra, I Hapsari and F P Pani A-19 
 
Combined Structural Equation Modelling – Artificial Neural Networks Model for 
Predicting Customer Loyalty  
M A Hadiyat A-25 
 
How the Indonesian Ecologically Conscious Millennials Value Upcycled Clothing? 
C A P Parung A-31 
 
Animated Video as Health Promotion Tool for Community Supplementary Feeding 




Slow - Fashion: Case Study of Tenun Sesek as Local Wisdom from Pringgasela, East 
Lombok, West Nusa Tenggara 
N Juniati A-43 
 
Expertise-based decision makers’ importance weights for solving group decision 
making problems under fuzzy preference relations 
E Herowati A-49 
 
Measurement of Student Satisfaction and Loyalty Using Service Quality Model for 
Higher Education (HedQual) at Industrial Engineering Department University of Pelita 
Harapan 
N Hartono, Laurence and B F Tjahjadhi A-56 
 
Development Initial Model of Intention to Use Halodoc Application Using PLS-SEM 
N Hartono, Laurence and T O Tedja A-63 
 
The Role of Ergomomics in Suporting Supply Chain Performance in Manufacturing 
Companies: a Literature Review 
Sampouw N and Hartono M A-71 
 
Green Dynamic Capability for Enhancing Green Innovations Performance in a 
Manufacturing Company: a Conceptual Framework 
R Amaranti, D Irianto and R Govindaraju A-77 
 
Kansei Engineering Application in Redesigning Carica Packaging to Support Local-Small 
Industry in Central Java 
H Prastawa, M Mahachandra and D A Harman Donida A-84 
 
Organic-Inorganic Nanocomposite Membranes for Molecular Separation and 
Bioapplications 




Fluazinam Potential as a Fungicide in Liquid Culture System for the Growth of 
Haematococcus pluvialis Microalgae 
J R Witono, V Novianty, H Santoso, A Miryanti and A J Kumalaputri A-95 
 
Tensile properties of kenaf fiber by alkalinization treatment: effect of variations in 
concentration 
Ismojo, K A Zahidah, E Yuanita, E Kustiyah and M Chalid A-103 
 
Green Manufacturing and Green Processes 
Regulatory Performance of Two Different Tuning Method for Milk Cooling Control 
System 
R Agustriyanto B-1 
 
A Review of a Machine Design of Chocolate Extrusion Based Co-Rotating Twin Screw 
Extruder 
P Pitayachaval and P Watcharamaisakul B-7 
 
An Empirical Study of How the Deployment of Lean Sigma Can Reduce Its Enemies: 
Waste, Overburden and Defect 
Y Sari, E Wibisono and I Pangkiey B-14 
 
Controlled Release Fertilizer Based on Starch Chitosan Encapsulation 
E Savitri, E Purwanto, A N Kodrat and E Yonathan B-20 
 
Assessing Materials from Hoarded Mobile Phones: Hidden E-Waste Subject for Reverse 
Logistics 
R Siring, H Herdiyansyah, R D Kusumastuti and A E Lucianto B-26 
 
Optimisation of Subtractive Rapid Prototyping Process Parameters Using Response 
Surface Methodology 




A Kinetic Study of Oil-in-Water Emulsion Formation Stabilized by Rice Husk Ash and 
Lecithin 
L Sapei, S W Kurniawan and A P Siantoro B-38 
 
Improvement of Salt Raw Material Procurement and Inventory Planning at Bitung 
I Hapsari, D N Prayogo, C M G Liembath B-44 
 
Price and Inventory Policy Strategy Model in a Price Sensitive Dual Channel Supply 
Chain Structure Considering Product Substitution 
R Y H Silitonga and N Christina B-50 
 
Tofu Wastewater Treatment Through a Combined Process of Coagulation-Flocculation 
and Ultrafiltration 
P Prawati, A Oktariany, S S Putri, I Aditya and S Kartohardjono B-56 
 
Risk-Based Sustainability Balanced Scorecard to Prioritize Integrated Improvement and 
to Consider High Level Structure 
R D Wahyudi, Y Sari, E Wibisono, F Rafael and A F Tanujaya B-63 
 
Effect of NR-g-cellulose Coupling Agent into NR-Cellulose Composite Dispersibility and 
Its Physical Properties 
H Handayani, A Cifriadi, A S Handayani, M Chalid, S Savetlana, M Christwardana B-69 
 
Carbon Emission Modelling in Container Terminal Operations Planning Using a System 
Dynamics Approach 
D N Prayogo B-75 
 
The Effect of Soygurt Fortification with Black Rice Bran Extract Anthocyanin in 
Hyperlipidemia Wistar Rats (Rattus norvegicus) 





Container Storage Tariff Policy Analysis Using Combining Game Theory and System 
Dynamics Approach 
A G Budianto and B Wirjodirdjo B-87 
 
Formulation and Characterization of Chitosan-Alginate Freeze Dried Matrices Loaded 
with Oleoresin Extract of Red Ginger 
E A Krisanti, A Safiya and K Mulia B-93 
 
Preparation and Characterization of Polyvinyl Alcohol-Chitosan-Tripolyphosphate 
Hydrogel for Extended Release of Anti-Tubercolosis Drugs 
K Mulia, S A Chadarwati, A J Rahyussalim and E A Krisanti B-101 
 
Effects of Initial Concentration, Adsorbent Mass, pH and Temperature to Personal Care 
Products Waste Removal with Activated Carbon as Adsorbent 
H R Priyantini, L Riadi, C Effendi, F Effendi and A Mitayani B-111 
 
Surface Roughness Analysis Using Sound Signal in Turning of Mild Steel 
Anayet U Patwari, Anas Azmayeen Zamee, Mehedi Hasan Bhuiyan and Sultan Mahmud 
Sakib B-117 
 
Environmental Life Cycle Costing of Boiler System: a Case Study 
C A Sulistio, Laurence, N Hartono and J Hanafi B-123 
 
The Integration of Social Responsibility into Business Operation: Case Study of 
Indonesian Manufacturing Industry 
E D Rinawiyanti, C Huang and S As-Saber B-128 
 
Solubility Correlation of Azobenzene Derivatives in Supercritical Carbon Dioxide: a 
Short Review 





Xylanase Production from Combined Reutealis trisperma with Potato Dextrose Broth by 
Tricodherma reesei: Effect of Pretreatment 
Y E Agustin, L Riadi and T P Utami B-140 
 
Power System and Green Energy Management 
Analysis of the Potential of Solar Panel Implementation Towards Green Affordable 
Housing Development 
A E Lucianto and H Herdiansyah C-1 
 
Integration of Biogas Technology into Goat Farming to Achieve Zero Waste System: 
Effect of Substrate Composition and Concentration 
K Cahyari C-7 
 
Single-Phase DC-AC Inverter with Low Power Dissipation with Transformer and Filter 
for Photovoltaic-Based Home-Scale Electric Power System 
I Hidayat, F Samman and R Sadjad C-11 
 
The Influence of Water and Catalyst Leach Process toward Propane Oxidation on 
MoVTeNb Catalyst 
R K Widi C-21 
 
Gas Sensitive Properties Of ZnO Nanorods Formed on Silicon and Glass Substrates 
V Petrov, A Starnikova, Y Varzarev, K Abdullin and D Makarenko C-27 
 
The Study of The Properties of Lead Zirconate-Titanate Films on Silicon Substrate After 
Halogen Lamps Rapid Thermal Annealing 
V Petrov, A Kamentsev, V Polyakov and Y Varzarev C-33 
 
Temperature Dependence of Electrical Properties of ZnO Nanorods Array 






Utilization of Rice Straw and Used Paper for the Recycle Papermaking 
N Suseno, T Adiarto, M S P Tentoea and V E Sugihartono C-41 
 
Mass Transfer Kinetic Model and Removal Capacity of Acid Blue 29 Adsorption onto 
Activated Carbon 
P Setyopratomo, H R Priyantini and R Agustriyanto C-47 
 
Effects of Electroculture on Shoot Proliferation of Garlic (Allium sativum L.) 
VL Manguiam, A M Margate, R D Hilahan, H G Lucin, K R Pamintuan, A Adornado C-53 
 
The Use of Pyrolusite to Remove Pb and Cd in Aqueous Solutions : Isotherm and 
Thermodynamic 
Y F Liem, M W B Kembie and N M Tanusaputra  C-57 
 
Current Perspectives and Mini Review on Zeolitic Imidazolate Framework-8 (ZIF-8) 
Membranes on Organic Substrates 
P D Sutrisna, N F Himma, N Prasetya and I G Wenten C-63 
 
Power generation in a Plant-Microbial Fuel Cell Assembly with Graphite and Stainless 
Steel Electrodes Growing Vigna Radiata 
K R Pamintuan and K Sanchez C-69 
 
Drying of Celery Leaves (Apium graveolens L.) using a PV/T Solar Dryer 
L Sapei, E Tarigan, D N Sugiarto and D Gianluca C-75 
 
Kinetics Oxidative Degradation of Chitosan in Formic Acid with The Presence of 
Hydrogen Peroxide 
E Purwanto, J Connor and Y Ngothai C-81 
 
The Role of IT in Innovation Enhancement 
Smart urban farming using arduino in residential area 




Towards power supply efficiency in IoT for image-based transmission scheme 
N Karna, M Safira D-7 
 
E-commerce for Japanese pop-products in Indonesia: the sign of decline stage 
Gunawan, Yu Noda  D-14 
 
Enhancement of weighted centroid algorithm for indoor mobile non-cooperative 
localization system 
R D Ainul D-20 
 
E-commerce development using object oriented analysis and design (OOAD), a case 
study in Marenggo Natural Dyes Batik SME in Indonesia 
D P Sari, N U Handayani, Y Widharto, M F M Raharjo   D-26 
 
Anchored instruction ITS: a novel approach to make learning programming interesting 
and effective 
B Hartanto, J Reye D-32 
 
Requirements analysis for the disaster logistics inventory information system to 
improve the effectiveness and efficiency of handling emergency response periods 
N U Handayani, D P Sari, Y Widharto, G Basyir D-39 
 
Software verification and validation using statistical test: a systematic mapping study 
S Arifiani1, F Handani, S Rochimah1, D Herumurti, I Kuswardatyan D-45 
 
Usability of multimedia-based technology in situational judgment test: literature review 
and survey on millennial generation 
F Handani, E Yuliandari, Elisabeth D-52 
 
Employing game technology as positive influence on conveying positive message and 
train positive behavior: case study racism and tolerance issue 




FSM based virtual camera control for earthquake evacuation simulation 
D A Prima D-64 
 
Machine learning to predict rainfall at Deli Serdang Stasion in North Sumatra 
I Fitriyaningsih, L R Bernando, S N Kwatri D-71 
 
Rethinking third place in the digital era 
R F P Hadi, E Ellisa D-78 
 
Image based indonesian fruit recognition using MPEG-7 color structure descriptor and 
k-nearest neighbor 
J Siswantoro, H Arwoko, M Widiasri D-84 
 
The design of android-based application for museum guide information system using 
beacon technology  
D Absari, D H Prasetyo, F Adinata D-90 
 
Virtual reality app on Milky Way solar system, case study: Kebraon II Public Elementary 
School, Surabaya, East Java, Indonesia 
M F Suciadi, Lisana, F Ramadhan D-96 
 
Computer vision system in measurement of the volume and mass of egg using the disc 
method 
M Widiasri, L P Santoso, J Siswantoro D-102 
 
Fraud detection using process mining and analytical hierarchy process with verification 
rules on erp business process 
M F Naufal D-108 
 
Customer intention to use airbnb application: a case study 




Evaluation of academic website using eye tracker and ueq: a case study in a website of 
xyz 
A H Kusumo, M Hartono D-119 
 
A decision tree algorithm for predicting amount of batik tulis lasem production by 
decision support system to support financial feasibility 
T Khotimah, R Nindyasari, N Ermawati D-125 
  
 
 
